In this paper we examine the presence of panel conditioning in a payment diary survey studying the payment behavior of Dutch consumers. We analyze whether the reporting behavior of frequent participants in the payment survey systematically differs from that of less-frequent survey participants. We introduce refreshment groups that allow us to compare the reporting behavior of 'trained' and 'fresh' respondents, where the differences between reported values are used as a proxy for the panel conditioning effect. We find no consistent significant differences for the number and value of cash and debit card payments between trained and fresh respondents, for any demographic group, sector or transaction size. Likewise we find no consistent significant differences for the value of cash withdrawals between trained and fresh respondents. However we do find some signs of panel conditioning in the reported number of cash withdrawals.
Survey shortcuts? Evidence from a payment diary survey 1 Introduction
Understanding consumers' payment behavior and payment choices is important for central banks and relevant stakeholder of the payment system. It allows them to come up with improvements to the continuously changing payment landscape and ultimately increase the eciency of the system as a whole. One of the big challenges when analyzing payment choices is to have accurate information about cash usage.
Cash has been traditionally the most widely used payment instrument and yet one of the most challenging in terms of measurement. Unlike electronic payments, cash payments are not centrally registered. Estimating cash usage is an imprecise process due to its unique properties of being an anonymous, untraceable as well as a storable payment instrument (Boeschoten, 1992) . We therefore rely on survey techniques to collect payment data from consumers. A common approach is to use payment diaries asking consumers to register their payments over one or more days. In order to estimate cash usage by taking into consideration the heterogeneity of consumers, as well as the fact that payment behavior varies over the year, the appropriate approach would be to contact individuals more than once a year, e.g. every three or four months. This paper addresses the question of whether this approach could incorporate additional biases that aect the survey results.
Earlier literature on survey methods points to the risk of panel conditioning which may lead to respondents changing their payment or reporting behavior. The objective of this paper is to examine panel conditional eects in the survey on consumers'
payments at the point-of-sale (SCP) commissioned by De Nederlandsche Bank (DNB) and the Dutch Payment Association (DPA) . The survey was held in September and November 2013, and March 2014 among a total of 21,954 respondents. The contribution of this paper is threefold. First, it assesses whether the payment behavior of respondents, who participated in the same survey two or four months before, diers from the registered behavior of those participating for the very rst time. Second, it makes an important contribution to the existing literature as it is the rst study on consumers' behavior that analyzes panel conditioning eects using a signicantly large sample size that allows meaningful conclusions to be drawn. Third, it enables DNB and the DPA to take a well-considered decision on how to select and sample the respondents for their annual study to measure cash usage in the Netherlands.
Findings show that there is no signicant evidence of a panel conditioning eect in the number and the value of payments that respondents report. Neither is there evidence of panel conditioning in the value of withdrawals nor in the proportion of respondents' who do not report any payments at all. Results show that, overall, participants' reporting behavior does not change when they are interviewed multiple times in a year. However, we do nd some evidence of panel conditioning in the proportion of respondents who do not report any cash withdrawals at all. We nd that trained respondents are signicantly more likely to report zero withdrawals than rst-time participants in both, the second and third wave of the study (November and March, respectively).
The paper proceeds as follows: section 2 presents the literature review, section 3 presents the paper's objective, section 4 describes the data and methodology, section 5 presents descriptive statistics on the reported number and value of payments, cash withdrawals and the number of respondents who do not report any payments at all. Section 6 presents the results and section 7 concludes.
2 Literature Review
Diary surveys have gained popularity in the last few decades because of high reporting levels and good external validity, which is the extent to which the results of a study can be generally applied to other situations and to other people (Verbrugge, 1980; Cheak-Zamora, Wyrwich, & McBride, 2009) . Much research has been conducted on cross-section surveys on consumers' behavior, whereas panel surveys are relatively new to the eld. The rst panel surveys stem from the middle of the last century. Back then, panel surveys were mostly used in electoral surveys, like the Colombia University Study conducted by Lazarsfeld, Berelson, and Gaudet (1944) , who monitored the changes of people's voting preferences during a presidential campaign. Panel surveys are also used for transportation planning as discussed by Kitamura (1990) and medical expenditures (Cohen et al., 1996) .
The change from cross-section to panel data has both advantages and disadvantages. The main advantage is the increase in information, which allows for more ecient econometric estimates (due to the increase in degrees of freedom) (Hsiao, 2007) . Furthermore, a panel dataset also has an increased capacity to capture the complexity of human behavior and to nd time-varying relations. Although these advantages look convincing, possible drawbacks should also be carefully considered, such as panel conditioning and other time dependent biases (Neter & Waksberg, 1964; Golob & Meurs, 1986; Sharot, 1991) .
Panel conditioning is the phenomenon that arises if respondents are inuenced by having participated in a previous wave of a survey, whereby their answers dier systematically from those who participate for the rst time in the same survey (Das, Toepoel, & van Soest, 2011) . One reason for panel conditioning is that respondents gain a better understanding of a survey's questions after their rst participation in the same survey. As a result, reported answers of experienced participants are a better reection of the true answers which consequently reduces the measurement error. However, panel conditioning does not always lead to smaller measurement errors. For example, respondents who have been interviewed multiple times learned that they can shorten the length of the interview by avoiding follow up questions (Meurs, Van Wissen, & Visser, 1989) . As a result of this, respondents change their reporting behavior and the obtained answers become less representative. Another frequently cited reason is known as the cognitive stimulus hypothesis. Being interviewed multiple times stimulates respondents to change their real behavior. This is based on the idea that rst time respondents lack knowledge in the topic of the survey and eventually develop anity with it. The time between the rst and second participation stimulates respondents to further deliberate on the subject of the survey. The result is that respondents change their actual attitude toward the subject of the survey (Sturgis, Allum, & Brunton-Smith, 2009 ).
The research results of studies exploring panel conditioning are mixed. Alessie, Gradus, and Melenberg (1990) show that the small cash expenditures are the most dicult to keep track of and are therefore more prone to underreporting. Yan and Copeland (2010) did a study on underreporting of total expenditure and expenditure types in the Consumer Expenditure Survey. They used the dierence between aggregated values in dierent waves as a proxy for the panel conditioning eect, but found no signicant evidence of underreporting due to panel conditioning. In this study the non-respondents were excluded from the analysis. Silberstein and Jacobs (1989) did a similar study and compared the mean expenditure from the Consumer Expenditure Survey, a ve wave panel survey. They found no evidence of change in mean expenditures due to panel conditioning, when comparing all types of purchases at once. This result is in line with the ndings of Yan and Copeland. However, when dividing the purchase types in subgroups, they found signicant changes in the reported expenditures. Yet, the changes in reporting behavior were inconsistent, and not substantively large.
Another type of panel conditioning arises due to non-responding, referred as "non-buying" in case of payment surveys, which is largely discussed by De Leeuw (1997). Non-respondents are people who are included in the sample of a survey, but who do not respond at all or do not respond a specic question. This non-responding of a participant can occur at the outset or start somewhere during the process of the research. Non-responding in surveys poses a serious threat as it aects the data in two ways. First, it introduces a bias in estimated parameters, and second, it increases the total variance of estimates because the actual sample size is lower than expected. The American Association of Public Opinion Research warns that the group of non-respondents in survey samples is growing as of the 1990's (Bradburn, 1992) . Shields and To (2005) found partial evidence that respondents who reported a purchase in a previous interview were more prone to non-responding. 3 Research objective
The objective of this paper is to explore the existence of panel conditioning eects in the survey of consumers' payments (SCP) once survey respondents participate more than once a year in the same survey. The main purpose of this study is to nd support for or to reject the hypothesis of panel conditioning in the diary panel obtained from the experimental three wave diary survey on cash expenditures. If there is evidence of panel conditioning we will look at the eect regarding: a) the number and value of cash & debit card transactions, with a main focus on cash, b) number and value of cash withdrawals and c) non-buyers (respondents not reporting any transactions at all from the beginning or from half way through the experiment). Furthermore, we are interested in whether the bias, due to panel conditioning, tends to concentrate in certain transaction values, sectors, or demographic characteristics (age, district, ethnicity, education, gender, and income).
Hypotheses
Base on the available literature on panel conditioning and expenditure behavior we hypothesize the following:
Hypothesis 1: The proportion of non-respondents increases with the number of waves participated in. In line with previous literature we expect to observe a higher proportion of non-buyers for second and third-time participants compared to rst-time participants (Shields & To, 2005) . This is the result of participants that change their respondents behavior when being interviewed multiple times.
Hypothesis 2: There is positive correlation between underreporting and the number of waves participated in. We expect a lower number of reported payments (withdrawals) for second and third-time participants compared to rst-time participants. In addition, we expect third-time participants to report even fewer payments or withdrawals than second-time participants.
Hypothesis 3: Respondents underreport the number of point-of-sale payments in large cash-intensive sectors. We expect that respondents underreport the number of payments in sectors which up to the year of our study (2013) were characterized for being high volume cash-intensive sectors. These are: supermarkets, restaurants, vending machines, non-food small payments and food and tobacco shops. In particular, we expect the number of cash payments to be underreported.
Hypothesis 4: The average value of payments is higher for respondents who participated in the survey before. We expect that respondents are more likely to underreport the number of small payments, resulting in a higher average value per payment. This hypothesis is based on the literature that small expenditures, in particular cash expenditures, are most frequently omitted when reporting in an 3 expenditure diary (Alessie et al., 1990 ).
Hypothesis 5: The bias due to panel conditioning is concentrated in the following demographic subgroups: youths (aged 12-24), elderly people (aged 65+), lower educated people and respondents with lower income. These subgroups are chosen, because they are known as the most cash intensive groups. Also, these demographic subgroups make a relatively high number of small payments and are therefore more prone to forget payments (Alessie et al., 1990 ).
Hypothesis 6: Responding behavior is similar in all months. We expect to nd a consistent pattern for underreporting between November and March: the dierences between second time and rst-time participants in November and March are comparable (same sign and both dierences signicant or both dierences insignicant).
Data and methodology
The dataset that we use in this paper corresponds to an experimental phase in the ongoing survey on consumers' payments commissioned by DNB/DPA. The survey gathers transaction level data as well as information about cash withdrawals. It was carried out in three waves in order to allow for comparisons between respondents' single or multiple participation in the study. A total of 21,954 respondents participated, spread during the months of September and November 2013, and March 2014. In each of these months the participants were evenly distributed over the days of the week, including weekends and holidays. The survey consisted of two parts: a payment diary and a questionnaire. The rst gathered information about the characteristics of each payment or cash withdrawal carried out during the diary day. For each payment, respondents had to record the instrument (cash, debit card or other), the place of purchase (18 branches, e.g. a supermarket, street vendor, non-food retail shop, charity), the value of the purchase, and whether they were able to use their preferred payment method. For each cash withdrawal they had to report the source (ATM, bank counter, other) and the value of the withdrawal had to be recorded. The second part of the survey consisted of a questionnaire gathering background information on respondents' demographic characteristics as well as questions on issues that may inuence their payment behavior, for example, payment preferences, reasons to use cash or cards, and other. Not all respondents that took the survey in the rst wave participated in the second and third wave (see Figure 1) , therefore a refreshment group was introduced in both the second and the third wave. In the rst wave, in September 2013, 8,707 consumers participated in the survey, divided over two groups: Group A consisting of 8,537 rst-time participants and Group D, which consists of 170 consumers that participated in September and March, but not in November. We do not know what eect the gap of six months has on the reporting behavior of the respondents, and we therefore decided to exclude this group from the research. In November 2013 there were a total of 14,939 respondents, divided over 2 groups: Group A1 consisting of the consumers that participated in both the rst and the second wave (n =6,930, response rate of 81.2%), and Group B, which is a refreshment group (rst time participating) of 8,009 consumers. Then in the last wave, in March 2014, there was a total of 16,652 participants. These can be broken down in three groups: Group A2 consisting of consumers that participated in all three waves (n =5,719, response rate of 82.5%), group B1 consisting of the consumers that participated in wave 2 and 3 (n =5,355, response rate of 66.9%), and nally, group C, which is a refreshment group of 5,408 consumers.
Methodology
In this paper we compare average number and value of payments and withdrawals, and the proportion of non-buyers for dierent groups of participants in the survey in the same In this section, we look at payments, withdrawals and the proportion of non-buyers to see if there are any indications of panel conditioning with respect to these categories or when specic demographic groups are targeted. All variables are studied per group and demography, however, only the most relevant observations are presented in the paper 4 .
Non-buyers
The total number of non-buyers per day, month or group is dened as the sum of participants that made no actual purchases and participants that did not record any of their actual purchases that day. The percentage of non-buyers is known to be fairly constant for a country and was determined at 30% 5 for the (same) Dutch population in 2013. In 2014 (Figure 2 ) we nd that, using the new survey design implemented as of 2014, the percentage of non-buyers is slightly higher than 31%. The percentage of respondents who did not report any purchases (non-buyers) varies between 29.6% and 32.5% (Figure 2 ). This small gap ascertains that the actual percentage of non-buyers should be close to 31% and that there is no strong evidence of a panel conditioning eect for non-buyers. Furthermore, the percentage of non-buyers increases with time. For rst-time participants this increase is from 30.3% in September to 31.4% in November and 31.7% in March). Note, that second-time participants in March (Group B1) have the lowest percentage of non-buyers (29.6%). The percentage of non-buyers is almost 1% lower than in all other groups and could therefore negatively aect the results on the average number of payments in Group B1, since a higher (lower) number of non-buyers articially decreases (increases) the average number of payments in a group.
A priori, we expected that the distribution of non-buyers over age categories was skewed to the right and that the panel conditioning eect could be present for non-buyers in some age categories. In this experiment, we indeed nd that the percentage of non-buyers for ages below 25 is equal to 45.5%, and lower for the other age categories (Figure 3 ). We also observe dierences in percentages between groups in the same month within specic age categories. For example, if we compare rst, second and third-time participants in March (Group C, B1 and A2, respectively) for age category`45-64' we nd a 3% gap between groups that participated more than once (B1 and A2) and the rst-time participants (C). So, overall there are no large dierences in percentages of non-buyers, which means that the panel conditioning eect due to non-buyers in general is almost non-existent, but, if we look more closely, in specic demographic groups for example, we may nd signicant dierences. The proportion of non-buyers over all demographic groups is further discussed in the results section.
Payments
In this section we look for potential dierences in reported number and value of payments between the dierent groups within a month. We focus on the payments carried out at the point-of-sale (POS) 6 , which are dened as all payments below EUR 100 excluding person-to-person transactions (P2P), donations, and money that is stored at a bank or at home. We omit the higher values because they act as noise in the comparison of average value of payments. This is justied, because the number of payments with a value higher than EUR 100 is small (EUR 100 is the 98th percentile). Table 1 presents an overview of the number of payments per participating group. Groups which are compared to each other are shown together. In total, approximately 57,000 payments are made amongst 40,000 respondents, which leads to an average number of payments of 1.43 per person. The average number of payments varies within the groups, with the lowest average number of payments observed for third-time participants in March (Group A2) and the highest average number of payments for rst-time participants in November (Group B). When we compare the two groups that participated in the second wave (November) we notice that second-time participants (Group A1) report a lower average number of payments than rst-time participants (Group B). A lower number of reported payments does not necessarily means that there is underreporting for each payment instrument. Since our paper mainly focuses on cash payments, we broke down payments by cash and debit card to more closely examine reporting behavior when using these two instruments. When comparing the dierent groups we notice that purchases using both, cash and the debit card, are underreported in November for second-time participants.
When comparing the groups participating in the third wave (March), we assess whether the ndings are in line with those coming from the second wave, and notice that on average the number of reported payments for second-time participants (Group B1) is slightly higher than for rst-time participants (Group C).
The average number of cash payments is lower for second-time participants, just as we saw in November. However, the average number of debit card payments is actually higher for second-time participants. This may seem strange, since this is contrary to the ndings in November when we found that the average number of reported payments was lower for second-time participants, for both cash and debit card payments. This rather strange nding could be explained by the percentage of non-buyers in each group the percentage of non-buyers is substantially lower for Group B1 as for Group C, with respectively 29.6% and 31.7% of non-buyers per group. So group C has a relatively high number of non-buyers (compared to Group C), which brings down the number of average payments, since there is a relatively large group that makes zero payments. Therefore, it is not surprising that the average number of debit card payments is lower for Group C then for Group B1. For third-time participants (Group A2) the average number of payments is lower than for respondents who participated for the rst time. However, note that the dierences are small. Taking a more detailed look, we notice that both cash and debit card payments are lower for third-time participants.
To examine if there is any dierence in reporting behavior between third and second-time participants, we also compared Group A2 with Group B1. As shown in Table 1 , respondents who participated for the third time reported fewer payments per person than second-time participants. There seems to be a relation between the number of payments per person and the number of times a respondent participated in previous surveys.
Overall, the average number of payments is lower for respondents who participated more than once. This suggests that there might be underreporting for the number of reported payments. However, we have to test the dierences on statistical signicance. Note: This table reports the total value and average value of point-of-sale payments below EUR 100 for all payment instruments, cash, and debit card in the dierent groups. Group A are rst-time participants in September, Group B and A1 are rst and second-time participants in November, respectively, and Group C, B1, and A2 are rst, second, and third-time participants in March, respectively.
We also look at the value of the reported payments and the results are presented in Table 2 . On average, respondents reported a value of EUR 16.06 per POS payment. The preference to use cash for small valued payments and a debit card, when a major purchase is made, is reected in the higher average value for debit card payments, as well as in the distributions of the transaction sizes for cash and debit card payments below EUR 100 (Figure 4a When comparing the dierent groups, we nd that respondents who participated more than once tend to underreport the value of their payments. This is due to the increase in proportion of small payments reported in the survey for second and third-time participants. Particularly, the dierence between rst and second-time participants in March seems large (Group B1 and C), where a decline of almost 5% is observed. What is interesting is the dierence between third and second-time participants (Group A2 and B1): second-time participants seem to be more prone to underreport the value of their payments than third-time participants.
Sectors
We extended our research and divided the payments by sector. The proportion of payments made in each sector and the frequency of each payment instrument per sector are provided in Figures 5a and 5b. Most payments are made in supermarkets and restaurants and similar, respectively 33.2 % and 13.6 %. We focus our analysis on the sectors that up to the year of the study (2013) were characterized for being high volume cash-intensive sectors, namely: supermarket, restaurant and similar, non-food retail (low value), CTN (confectionery, tobacconist, newsagent) and vending machine. This is in line with the 2013 ndings on payments at the point-of-sale (Hernandez, Jonker, & Zwaan, 2014 Figure 5: These gures display the distribution of low-value payments ( up to EUR 100) (a) the number of point-of-sale payments over the dierent sectors and (b) the distribution by instrument of payment (cash, debit card, and other) in each sector.
Payments per demographic characteristics
Our fourth hypothesis focuses on the payments by participants in specic demographic groups. The hypothesis states that bias, due to panel conditioning, is concentrated in specic demographic groups. Therefore, we take a closer look at the payments per demographic group. The average number and value of payments is calculated for each age category and each group individually. Furthermore, we divided the total payments in cash and debit card payments to get a more detailed look on the reported payments ( Figure 6 and Figure 7 ) 7 . We notice that the mean number as well as the mean value is substantially lower for the youngest age category (age 12-24). What are noteworthy are the dierent patterns in number of payments for both payments instruments. The number of cash payments increases linearly with age, whereas debit card payments peak in age categorỳ 25-44' and decrease thereafter.
When looking in more detail at debit card payments we note that for both months the mean number of reported payments by respondents aged 25 to 44 years old vary widely over the dierent groups (Figure 7 ). This suggests that there might be underreporting for the number of debit card payments for young adults (age 25-44) that have participated in the survey previously. The dierences in reported payments for the other age categories 7 The mean value for each age category is presented in the in Figure 8 and Figure 9 are in general small ( Figure 6 ). While the average number of debit card payments seems roughly similar over all age categories, the average number of cash payments seems to dier over the dierent groups of participants. Large dierences are observed for: respondents aged between 45 and 64 in November, youths in March and the oldest age category in March. The signicance of the dierences will be assessed in the results section. Group A are rst-time participants in September, Group B and A1 are rst and second-time participants in November, respectively, and Group C, B1, and A2 are rst, second, and third-time participants in March, respectively. The ndings for the average value per payments over the age categories are remarkable. We expect to nd a consistent pattern of reporting behavior over the months and a higher average value per payment for second and third-time participants, however, we observe almost the opposite.
For the average value of debit card payments, it is clear that the reporting behavior is inconsistent over the months. The average value of a debit card payment in November is in general higher for second-time participants compared to rst-time participants, while the average value of debit card payment in March is lower for trained participants compared to rst-time participants. Contrarily, the reported behavior towards the average value of a cash payment in both months show similarities. The average value of cash payment is lower for trained participants in both November and March. However, the size of the dierences between fresh and trained participants varies between both months. In November we observe small dierences in reporting behavior; in contrast, in March we observe large dierences that are not consistent in sign. Therefore, a consistent pattern for reporting behavior over the months is not observed. Furthermore, the hypothesis that the average transaction size is higher for second and third-time participants compared to rst-time participants does not seem to hold.
We also look at the other demographic subgroups, in particular the other high cash intensive groups, such as lower educated people and respondents with a lower income, to see if there are signs of panel conditioning.
First, we look at the number of payments. Education seems unrelated to the average number of debit card payments. However, for the average number of cash payments we do nd large dierences between trained and rst-time participants in educational subgroups. Yet, the dierences are inconsistent over the months. For income, the bias due to panel conditioning seems to be concentrated in the second and third income category (EUR 14,300-38,300 and EUR 38,300-65,000). For district, the average number of cash payments is lower for second and third-time participants compared to rst-time participants. In contrast, the pattern in the average number of reported debit card payments per district looks odd and illogical (Figure 10 ). For the demographics gender and ethnicity we notice that, even though the dierences are small, trained respondents reported in general a lower average number of payments.
Second, we look at the value of payments. The analysis at the district level shows an inconsistent pattern of respondents' behavior towards reported value of payments for both debit and cash. Also for ethnicity, we do not see a clear relation between the reported value of payments and the ethnicity of the respondents. For gender however, we do notice consistent dierences between trained and rst-time participants for the average value of payments. We nd that on average women tend to report a lower value of payments when being interviewed multiple times, in particular when reporting cash payments. Males however, are more likely to report a higher value of cash payment when having participated in the survey before. When examining the transaction size per educational level we see dierences in responding behavior in March, but not in November. Finally, respondents' behavior regarding their reported values of transactions when paying by cash or debit card lacks consistency for the individual income and age groups.
Withdrawals
Another possible source of panel conditioning are cash withdrawals where cash withdrawals are dened as withdrawals from an ATM, the bank counter (up to EUR 200) 8 , cash backs, cash that is found, cash gifts from family, friends, and others. Since the average person makes far fewer withdrawals than payments per day (in our dataset the average number of withdrawals is below 0.2), there are logically fewer observations on withdrawals than on payments. However, due to the size of the survey there are still more than 6,500 observations to examine. There is a clear decline in average number of withdrawals from groups that participated more than once compared to those who participated only once. For example, the second-time participants in November have an average number of 0.167 compared to an average number of 0.175 for the group of rst-time participants, which is a 5% decrease of withdrawals per person per day. Furthermore a dierence in percentage of zero withdrawals is observed between fresh and trained participants in November and March the trained participants were 1.5% more likely to report zero withdrawals than the participants in the refreshment groups. The above indicates that panel conditioning aects the reporting of withdrawals in the experiment. Contrary to the ndings on the average number of withdrawals, the average values of withdrawals do not dier in a systematic way. In November we observe no dierence between rst-and second-time participants (B and A1) and in March we observe, for second and third-time participants (B1 and A2), respectively higher and lower average values compared to the average value of rst-time participants.
To investigate whether the above ndings on average number and value of withdrawals are concentrated in specic demographic groups we also examined the withdrawals per demographic group. In November, we observe for all age categories, districts, education levels, ethnicity groups, genders and income groups, except for district`East' and education level`HBO'(college education), that the average number of withdrawals recorded by second-time participants is lower than the recorded average number by rst-time participants. In March, the second and third-time participants even reported a lower average number of withdrawals over all demographic subgroups. Looking at the average value of withdrawals, we nd almost no eect of age, education level and income class on the dierences between average value of withdrawals between groups with dierent number of participations in both November and March. 6 Results
In this section we provide and discuss the results of non-buyers, payments, transaction size and withdrawals. We have tested all demographic groups and present the most important observations.
Non-buyers
We hypothesized that respondents that participated more than once are more likely to report not to have made any payments than respondents who participated less or only once. Not rejecting this hypothesis would mean that the survey suers from panel conditioning and that the sample no longer suces as a representative sample of the target population. To nd statistical evidence in favor of or against a relative increase of non-buyers in the diary book survey we conducted a two sample proportion z-test on the dierence of the proportion non-buyers between groups. The results of the tests are presented in Table 4 . The dierence in proportion of non-buyers is not signicantly dierent from zero for second and rst-time participants in November. Thus, respondents that had a two-month gap between their rst and second participation are not more likely to report zero payments than respondents in a refreshment group. This is in contrast to respondents that had a four-month gap between their rst and second participation, who are signicantly less likely to report not having made any payments than their rst time counterparts. Third-time participants are not signicantly more likely to report zero payments in March compared to rst-time participants. Lastly, there is no signicant dierence in the proportion non-buyers between third and second-time participants in March. These ndings are not in line with the rst hypothesis posited earlier in the paper.
Payments 6.2.1 Number and value of payments
We examined whether there is a dierence within reported number and value of payments for rst-, second-or third-time participants, the results are shown in Table 5 . The results show that only rst-and second-time participants in November dier signicantly in average number of reported payments (group A1 vs B). The sign of the t-statistic is negative, which reveals that second-time participants tend to report a lower number of payments, on average. Specically, the average number of purchases made in cash seems to be lower for rst-time participants. Unlike the number of payments, there is no signicant dierence in the average value of payments between rst-and second-time participants in November. Contrary to the ndings from the second wave (November), we nd a signicant dierence in average value of payments but no signicant dierence in number of payments for rst-and second-time participants in the third wave (March). The negative t-statistic indicates that on average`fresh' respondents report a higher value per payment than respondents that already participated in the survey. Also third-time participants tend to report a lower value per payments, although it should be noticed that this dierence in reporting behavior is only signicant at the 10 % signicance level. Furthermore, we nd no signicant dierences between second-time and third-time participants (group A2 vs B1) for number as well as for value. This suggests that third-time participants are not more likely to underreport the number and value of their payments than respondents who only participated once before.
Transaction size
Our fourth hypothesis suggested that small payments and in particular small purchases paid in cash are most prone to underreporting, since those small payments are in general most frequently omitted when reporting all payments. However, we nd results that are not in line with this hypothesis (Table 6 ). In fact, the opposite is true higher frequency of small valued payments (< EUR 5) is observed for second-time participants compared to rst-time participants in November as well as for March. This also holds for third-time participants. However, it should be noted that the dierences are not signicant at the traditional 5% signicance level.
Of interest are the number of signicant dierences between the comparable groups. Only a small number of dierences are signicant, suggesting that there is no correlation between the transaction size and the number of waves participated in. This means that respondents who have participated in the survey before are not more likely to report a certain transaction size than fresh respondents. To further explore if cash (and other) payments are signicantly underreported in this survey we focus on ve large sectors in which up to 2013 the year of this study, the use of cash was mostly dominant: supermarket, restaurants and similar, non-food retail (low value), food and CTN and vending machines (Hernandez et al., 2014) . These ve sectors together cover about 68% of all point-of-sale payments in the survey. To examine if respondents did underreport the number of payments in these cash intensive sectors we compare the proportion of the number of payments in one of the ve cash intensive groups versus all other point-of-sale payments. The results of the comparison of total, cash and debit card payments are given in Table 7 . We nd only two signicant results at the 5% signicance level: the total number of payments is underreported by second-time participants in November due to underreporting of their debit card payments. Thus we found signicant dierences for debit card payments, but again, these eects are not consistent over the months. Moreover we do not nd any signicant dierences for the number of cash payments, which indicates that there is no signicant panel conditioning eect for cash payments regarding sectors. We also analyzed the sectors at an individual level. Although we nd some signs of change in the reporting of cash payments in November and March in supermarkets and for debit card payments in November in vending machines, these are again not consistent over the months. The signicant dierence for cash payments is positive in November, while it is negative in March and the dierence for number of debit card payments is signicant between trained and fresh respondents in November, whereas it is not signicant in March.
6.2.4
Payments per demographic Furthermore, we looked for the presence of panel conditioning in specic demographic groups (age, district, education, ethnicity, gender, and income level). Contrary to our expectations, we did not nd evidence of a signicant panel conditioning eect in any of the studied demographic groups. The results of the test outcomes on the number and value of cash and debit card payments for individual demographic groups are provided in Table 8 . 9 The results reveal that the reporting behavior of second and third-time participants is in general roughly similar to reporting behavior of rst-time participants. However, there are a few individual signicant dierences in subcategories of the demographic groups. For example, adults (age 45-65) that participate for the second time in November underreport the number of cash payments compared to rst-time participants. Whereas, younger adults (age 25-44) that participate for the second time in March underreport the number of cash payments compared to rst-time participants. These results could be an indication of a panel conditioning eect, however, they are not consistent over the other months and therefore we cannot interpret it as such. There is one example of a nearly consistent panel conditioning eect in a subcategory. Second-time participants in the EUR 38,300 -65,000 income level group underreport the number of cash payments in both November and March compared to rst-time participants, however, in November this eect is only signicant at a signicance level of 10%.
The results for the value of cash payments are in line with those found for the number of cash payments, some signicant dierences are found that are not consistent over time. There is one exception females that participate for the second time in November and March underreport the average value of cash payments at a 5% signicance level, indicating that females might be inuenced by the panel conditioning eect. However, third-time female participants in March do not signicantly underreport compared to second-time participants.
The results for number and value of debit card payments reveal that there is no consistent panel conditioning eect in any of the subcategories.
Withdrawals
Results of the tests on the number and value of withdrawals are displayed in Table  9 . The negative test statistics indicate that trained respondents have the tendency to underreport the number of withdrawals, although it must be noted that, the panel conditioning eect is only signicant in March. Once more we also nd that groups that participated three times are not signicantly more likely to underreport the number of withdrawals in March than groups that participated only twice. Besides that, we also tested on the dierence of the proportion of zero withdrawals and at least one withdrawal per person per day, for rst and second-time participants in November and March. In both these months the obtained test statistics are positive and signicant, 2.4599 (0.0139) in November and 1.9929 (0.0463) in March, where the p-values are given in parenthesis. This conrms the observation from the previous section on withdrawals, that the percentage of zero reported withdrawals in a group is higher if the group has participated before. For the reported value of withdrawals there are no signicant dierences between the groups, which indicates that there is not one specic withdrawal size that is underreported. To examine if the panel conditioning eect for the number of withdrawals is related to specic demographic groups, we looked at all demographic groups in more detail. Figures containing three demographic groups (age, gender, and income) are displayed in appendix A (Figure 11 , 12, and 13). These gures reveal, as expected, that the trained respondents are, in general, underreporting their number of withdrawals per day.
We nd that the average number of reported withdrawals is lower for trained respondents for all age groups, gender, income categories, ethnicity, districts and education levels but this panel conditioning eect is not similar in the second wave (November) and in the third wave (March). For example, in November only trained respondents, between 25 and 44 year of age, report a lower average number of withdrawals, whereas in March all trained respondents report a lower number of withdrawals, except for third-time participants older than 65. Also in November, trained males reported a lower number of withdrawals than rst time participating males, while trained woman did not report so much less, contrary in March, the trained females reported relatively less withdrawals than the trained males. The only eect that carries over from one month to the other is in category`District'. For this we nd a signicantly lower average number of reported withdrawals, in both November and March, for trained respondents living in the West or East of the Netherlands, excluding the three biggest cities. The eect is signicant at the traditional 5% signicance level for trained respondents living in the East, whereas it is only signicant at the 10% signicance level for trained respondents living in the West (highest p-value is 0.0755, see Table 12 ).
Conclusion
In this paper we analyse data from the survey on consumers' payments in order to detect panel conditioning and to see whether any panel conditioning eect is concentrated in specic demographic groups. Overall, we conclude that there is no signicant evidence of a panel conditioning eect in the payment survey. This is a very positive nding as it suggests that reporting behavior does not change when participants are interviewed multiple times. Since the survey does not suer from panel conditioning, we conclude that the survey is well constructed and that the survey results can be used to make inferences about the Dutch population, without taking into account the number of times a respondent participated in the survey. We now more closely examine each hypothesis individually. Our rst hypothesis considered the proportion of respondents who do not report any payments (non-buyers). We found no signicant evidence of a panel conditioning eect due to non-buyers in any of the groups. Moreover, the trained respondents were less likely to report zero payments than rst-time participants, albeit not signicant at the traditional 5% signicance level. Hence, we rejected the rst hypothesis.
We suspected that overall, the average number of reported payments and withdrawals would decrease with the number of waves participated in. This was our second hypothesis. Our results reveal that underreporting of the number of payments and withdrawals for trained respondents appears in both months. Yet, only a few dierences were signicant. For payments only the dierence between rst and second-time participants in the second wave of the study (November) were statistically signicant. For withdrawals we found the opposite: statistically signicant dierences were only observed in March between second and rst-time participants and between third and rst-time participants. Since the signicant dierences lack consistency over the months, we reject the second hypothesis. Furthermore, we found no signicant dierences between second time and third-time participants, suggesting that second time and third-time participants have similar reporting behavior.
In our third hypothesis, we expected the number cash payments, carried out in known cash-intensive sectors, to be underreported 10 . Although we did nd some signs of change in the reporting of cash payments in supermarkets for the second wave (November) and third wave (March) of the study, the ndings are not consistent over time and among the dierent groups of respondents. For this reason, we reject the third hypothesis.
In our fourth hypothesis, we suggested that the average value per payment would be higher for trained respondents compared to rst-time participants. We found no signicant evidence for this hypothesis when examining the responding behavior of withdrawals. When looking at payments, we found no supporting evidence for this hypothesis. In fact, second time and third-time participants tend to report a higher number of small payments. This is a sign that trained respondents better report their small payments. For this reason, it can be said that the new methodology leads to improved results on the use of cash, especially for low-value payments.
We extended the research and divided the respondents in subcategories based on their demographic characteristics and we hypothesized that the bias due to panel conditioning would be concentrated in specic demographic subgroups. In particular, we expected concentrated bias in the subgroups that are known for being cash-intensive users: children, elderly people, respondents with a lower income and lower educated people. The analysis per demographic subgroup did not show any consistent patterns and only few dierences were statistically signicant. As a result, we found no evidence to support our fth hypothesis. Furthermore, we found again no signicant evidence that second and third-time participants dier in reporting behavior.
The last hypothesis looked for the consistency of the panel conditioning eect in all months. We found that trained respondents were signicantly more likely to report zero withdrawals than rst-time participants in both November and March. For the other variables of interest, number and value of payments, value of withdrawals and proportion of non-buyers, we did not nd signicant panel conditioning eects in all months. Therefore we had to reject the hypothesis for all variables except for the proportion of non zero withdrawals for trained respondents.
Finally, we conclude that quantifying a panel conditioning eect in panel surveys on payments and withdrawals is still very dicult and that further research is required.
Possible future advancements can be made by, for example, conducting a longitudinal survey which is able to capture specic month eects we suspect that there are dierent reporting patterns over the dierent months (panel conditioning behaves dierently in one month compared to the other), this could be tested by conducting a survey that spans more than one year.
Another advancement can be made by revising the questionnaire structure. We initially expected to nd possible changes on reporting behavior regarding consumers' payments rather than on reporting of their cash withdrawals. This is because the frequency of daily payments is higher than that of withdrawals, which could make the recording process more tedious. Contrary to our expectations, we nd a clear panel conditioning eect for the number of cash withdrawals over all demographic groups, while we did not nd consistent changes of behavior in the reporting of payments made by respondents. We think that this could be due to the structure of the questionnaire. In the questionnaire respondents rst had to report their payments and after that their withdrawals. For this reason we propose a revision of the design of the questionnaire in combination with an improvement of the online tool which most respondents use to complete the survey. Group A are rst-time participants in September, Group B and A1 are rst and second-time participants in November, respectively, and Group C, B1, and A2 are rst, second, and third-time participants in March, respectively. 
